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(54) ._. PHOTOCATALYTIC COATING COMPOSITION AND PHOTOCATALYST-BEARING STRUCTURE 

(57) The present invention relates to photocatalyst- 
carrying structures which can be used particularly in an 
environment of high temperature and humidity or out- 
door environment requiring alkali resistance and also to 
composites of photocatalyst coating materials to pro- 
duce the said structures. The composites of photocata- 
lyst coating materials are characterized in containing a 
photocatalyst and a zirconium compound and/or tin 
compound in order to endow alkali resistance. The pho- 
tocatalyst-carrying structure has an adhesive layer, 
between a photocatalyst layer and a carrier. The photo- 
catalyst layer contains a photocatalyst and a zirconium 
compound and/or tin compound to endow alkali resist- 
ance. 
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Description 

Field of the Invention 

5 The present invention relates to photocataiyst-carrying structures used for antifouling, cleaning water, deodoriza- 

tion, pasteurization, treatment of waste water, water decomposition, algae growth control and various chemical reac- 
tions and to coating material composites to produce the said photocataiyst-carrying structures. This invention relates 
to, in particular, to photocataiyst-carrying structures and photocatalyst coating materials, which can be used in the envi- 
ronment of high temperature and humidity and in the outdoor environment in which they should be alkali resistant. 

10 

Background Art * 

Various types of carrier materials carrying a photocatalyst have been proposed. Examples are (A) light transmissi- 
ble materials such as cellulose nitrate, glass, poly(vinyl chloride), plastics, nylon, methacrylic resins and polypropylene 

is (Japanese Patent Laid-Open No. Sho 62-66861), (B) polypropylene fibers and ceramics (Japanese Patent Laid-Open 
No. Hei 2-68190) and (C) glass, ceramics, nylon, acrylic resin and polyester (Japanese Patent Laid-Open No. Hei 5- 
309267). However, it has been reported that, among the materials mentioned above, those comprising an organic sub- 
stance used as its main component had a disadvantage of the decomposition or deterioration of the organic material 
when it carried a photocatalyst due to the catalytic reaction and that their durability was a problem (Fumiaki Ootani; 

20 Kobunshi Kako Vol. 42, No 5, page 18 (1993) and "Titanium Dioxide" by Manabu Kiyono, published by Gihodo, page 
165). 

In case that a carrier material is inorganic, such as glass or ceramic, the use of organic polymer resin as an adhe- 
sive for carrying a photocatalyst lowers the catalytic activity due to covering the surface of the photocatalyst particles 
by the resin. Besides, the resin is decomposed or deteriorated by the photocatalytic activity and the photocatalyst is 
25 exfoliated. The result is a problem in durability. 

In case that a carrier material is an inorganic heat-resistant material, the following methods have been employed: 
spattering in which no organic materials are left at ail (Japanese Patent Laid-Open No. Sho 60-044053), coating and 
baking of organic tiianate (Japanese Patent Laid-Open No. Sho 60-1 1 8236) and spraying and baking of titania sol (Jap- 
anese Patent Laid-Open No. Hei 5-253544). These methods had problems of baking a substrate at a high temperature 
30 in order to produce and crystallize photocatalyst particles on the earner and to adhere the photocatalyst with the carrier 
as well as difficulty in carrying the photocatalyst over a large area and very high production cost. 

In order to carry a photocatalyst on glass fiber paper, a method to use a metal oxide sol as an adhesive has been 
proposed (Japanese Patent Laid-Open No. Hei 5-309267). Metal oxide sols, such as silica sol, have very weak bonding 
strength because it is based on the van der Waals force (Fine Ceramics, Vol. 1 /page 216 - 223, 1980) and insufficient 
35 adhesiveness and alkali resistance. A baking process at a high temperature was required. The method was thus unable 
to apply for ail carriers including general-purpose resins decomposed easily by heat. 

In case that photocatalyst powder is carried on a metal oxide gel such as silica or clay mineral, it has been reported 
that the photocatalytic decomposition reaction of propione aldehyde gas is accelerated thanks to the effect of the carrier 
working as an adsorbent (Symposium "Recent Development in Photocatalytic Reaction", previous manuscripts, by the 
40 Study of Photofunctional Materials, No. 2-11, page 39, 1994). There have been no reports that photocataiyst-carrying 
structures excellent in adhesiveness and alkali resistance were obtained while maintaining high catalytic activity of a 
photocatalyst uniformly dispersed in a metal oxide gel. 

There have been many attempts to adhere a photocatalyst directly on a carrier with a silica compound such as sil- 
ica sol, colloidal silica, a hydrolysate of silicon alkoxide or polyorganosiloxane (Japanese Patent Laid-Open Nos. Hei 4- 
45 1 74679, Hei 6-296874 and Hei 7-1 71 408). In each case, the surface of the photobatalyst layer was eroded and exfoli- 
ated when a photocataiyst-carrying structure was contacted with an aqueous solution of 5% by weight of sodium car- 
bonate for 24 hours. It did not pass the alkali-resistance test defined in J IS K5400. 

A method to fix a photocatalyst with fluororesin has been proposed (Japanese Patent Laid-Open No. Hei 6- 
315614). Its disadvantages are that fluororesin is expensive and that most surface of a catalyst particle should be cov- 
so ered with the fluororesin in order to adhere photocatalyst particles strongly on a carrier. As a result the catalytic activity 
becomes lower than that of powder. It has been tried that a photocatalyst was mixed with a non-decomposable binder 
such as fluororesin or polyorganosiloxane and adhered onto a substrate (EP-0633064). The products were unsatisfac- 
tory to solve practical problems of adhesiveness and alkali resistance. * : 
Japanese Patent Laid-Open No. Hei 8-164334 has disclosed composites to produce a photocatalyst film, which 
55 consists of fine particles of titanium oxide of 1 - 500 nm, products of partially hydrolyzed silicon tetraalkoxide and a sol- 
vent. A photocatalyst film formed by using the said composite was exfoliated after being immersed in an aqueous solu- 
tion of 5% by weight of sodium carbonate for 24 hours. The alkali resistance was thus unsatisfactory ~ 
The following three themes should be solved to use a photocatalyst carried on a carrier outdoors or in the environ- '±-1 

1 



2 



EP 0 866 101 A1 



ment of high temperature and humidity: 
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1 . A photocatalyst film adheres well with a carrier; 

2. The photocatalytic activity of a photocatalyst film is not reduced due to a photocatalyst earned on a carrier; and 

3. The carried photocatalyst film maintains bonding strength and is durable for a long time. 

When a photocatalyst is used outdoors, alkali resistance is important same as for paints and coating materials for 
outside walls. Particularly it is essential to resist aqueous alkaline solutions because it is impossible to avoid contacting 
with alkaline components seeping out from concrete, mortar or tile joints when used for outside walls and their sur- 
roundings. Therefore, an alkaline resistance test using an aqueous solution of 5% by weight of sodium carbonate is 
defined in JIS-K5400 of the Japan Industrial Standards for general paints. The present invention aims at providing 
structures carrying a photocatalyst which can be used for antifouling, cleaning water, deodorization, pasteurization, 
treatment of waste water, water decomposition, algae growth control and various chemical reactions and for solving the 
above-mentioned problems, and coating materials to produce the said structures. 

Disclosure of the Invention 

In order to solve the problems mentioned above, composites of photocatalyst coating materials of this invention are 

(Composition 1) is a composite of photocatalyst coating materials which is characterized in containing a photocat- 
alyst and a zirconium compound and/or tin compound for endowing alkali resistance. 

As a more detailed composition of Composition 1 , 
(Composition 2) is that the zirconium or tin compound is a zirconium or tin compound represented by Formula [I] 



MO x Ly 



Formula [I] 



40 



wherein M is zirconium or tin, x is 0, 1 or 2, L is a substituent selected from the group consisting of hydroxyl, nitrate, 
carbonate, ammonium, chlorine, carboxyl of 1 to 6 carbons, alkoxyl of 1 to 6 carbons, glycol of 1 to 6 carbons and 
substituents able to form a metal chelate compound by substituting the said alkoxy group, y is 0 or an integer of 1 
to 4, and 2x + y = 4 , or a mixture thereof; 

As a more detailed composition of Composition 1 or 2, 
(Composition 3) is that the zirconium or tin compound is a compound selected from the group consisting of zirco- 
nium or tin oxide, hydroxide, oxyhydroxide, oxycarbonate, alkoxides of 1 to 4 carbons and hydrolysates of the said 
alkoxides or a mixture thereof; 

As a more detailed composition of one of Compositions 1 to 3, 

(Composition 4) is a composite of photocatalyst coating materials, which contains the following components of (1) 
to (5): ' 

(1) 0.0001 - 1% by weight of a surface active agent to the whole coating material, 

(2) 0.5 - 10% by weight, as solid matter, of a sol of oxide or hydroxide of metal selected from the group consist- 
ing of silicon, aluminum, niobium and tantalum or a mixture thereof, as a ph otocatalyst bin der, to the whole 
coating materials, " 

(3) 0.02 - 3% by weight of a zirconium or tin compound as an agent to gi ve alkali resistan ce, in conversion to 
the weight of metal oxide, to the whole coating material, m 

^ ( 4 ) 0.5 - 10% by weight of a photocatalys t, as solid matter, to the whole coating material and ~ tyQvVfP 
, (5) water alone or a mixed solvent of water and alcohol within the range of 100/0 - 20/80 of water/alcohol ratio 
by weight; 



50 



55 



As a more detailed composition of one of Compositions 1 to 4, 
(Composition 5) contains 0.02 - 1% by weight of a zirconium or tin compound, in conversion to the weight of metal 
oxide, to the whole coating material; 

As a more detailed composition of one of Compositions 1 to 5, 
(Composition 6) is that the metal oxide or hydroxide sol is a hydrolysate of a metal alkoxide having at least an alkoxy 
group of 1 to 5 carbons and selected from silicon, aluminum, niobium and tantalum or two or more of the hydro- 
lysates or products produced from the said hydrolysates and has SOrrr^/g or more of specific surface area when 
dried at 150°C; 

As a more detailed composition of one of Compositions 1 to 6, 
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(Composition 7) contains 0.1 - 5% by weight of a silicon alkoxide having an alkoxy of 1 to 5 carbons and/or poly- 
condensation reaction products of the said silicon alkoxide, as nonvolatile matter, to the whole photocataiyst cqat- 
ing material composite; 

As a more detailed composition of one of Compositions 1 to 7, 
(Composition 8) contains 0.1 - 5% by weight of a silicon-modified resin or a silane coupler to the whole coating 

material composite; 

As a more detailed composition of one of Compositions 1 to 8, 
(Composition 9) is that the photocataiyst contains titanium oxide as a main component; 

As a more detailed composition of one of Compositions 1 to 9, 
(Composition 10) is that the photocataiyst is a water-dispersible sol of titanium oxide of 5 - 40 nm in diamete r of 
crystal particle; 

As a more detailed composition of one of Compositions 4 to 10, 
(Composition 1 1) is that the alcohol used in the coating material composite is methanol, ethanol, n-propanol or iso- 
propanol alone or a mixture thereof. 

A photocataiyst-carrying structure produced with a photocataiyst coating material in accordance with the 

present invention is that 

(Composition 12) has a structure with an adhesive layer between a photocataiyst layer and earner and is that the 
photocataiyst layer contains a photocataiyst and zirconium and/or tin compounds to give alkali resistance- 
Asa more detailed composition of Composition 12, . 
(Composition 13) is that the adhesive layer is a silicon-modified resin containing 2 - 60% by weight of silicon, a resin 
containing 5 - 40% by weight of colloidal silica, or a resin containing 3 - 60% by weight of polysiloxane of a poly- 
condensation product of a compound represented by Formula [II] 

SiCI^ (OH)n 2 Ri n 3 (OR2)n 4 Formula [II] 

wherein R 1 is an alkyl of 1 - 8 carbons which may be substituted by amino, carboxyl or chlorine, R 2 is an alkyl of 1 
- 8 carbons which is substituted by an alkyl of 1 - 8 carbons or an alkoxy of 1 - 8 carbons, n 1( n 2 and n 3 are 0, 1 or 
2, n 4 is an integer of 2 - 4 and n n + n 2 + n3 + n 4 = 4, and the photocataiyst layer is a photocataiyst complex con- 
taining 2 - 30% by weight of zirconium and/or tin compounds, in conversion to the weight of metal oxides, to the 
whole photocataiyst layer, 15 - 85% by weight of a gel of metal oxide or hydroxide, as solid matter, to the whole pho- 
tocataiyst layer and 5 - 75% by weight of a photocataiyst to the whole photocataiyst layer; 
~ As a more detailed composition of Composition 12 or 13, 

(Composition 14) is a structure passing an alkali resistance test defined in J IS K5400 after the surface of the pho- 
tocataiyst-carrying structure is contacted with an aqueous solution of 5% by weight of sodium carbonate at 20°C 
for 24 hours; 

As a more detailed, composition of one of Compositions 12 to 14, 
(Composition 15) is that the zirconium and/or tin compound contained in the photocataiyst layer is a compound rep- 
resented by Formula [I] 

MOxLy Formula [I] 

where M, x, L and y are as defined above, or a mixture thereof; 

As a more detailed composition of one of Compositions 12 to 15, 
(Composition 16) is that the content of the zirconium and/or tin compound contained in the photocataiyst layer is 2 
- 10% by weight, in conversion to the weight of metal oxide, to the whole photocataiyst layer; 

As a more detailed composition of one of Compositions 12 to 16, 
(Composition 1 7) is that the metal oxide or hydroxide gel contained in the photocataiyst layer is an oxide or hydrox- 
ide of metal selected from the group consisting of silicon, aluminum, niobium and tantalum or a mixture thereof and 
has a specific surface area of SOrmVg or more; 

As a more detailed composition of one of Compositions 12 to 17, 
(Composition 18) is that the photocataiyst layer is formed using a photocataiyst layer coating material which con- 
tains 0.1 - 5% by weight of silicon alkoxide having an alkoxy of 1 - 5 carbons and/or a polycondensation reaction 
product of the said silicon alkoxide, as nonvolatile matter, to the whole photocataiyst layer coating material; 

As a more detailed composition of one of Compositions 1 2 to 1 8, 
(Composition 19) is that the silicon-modified resin in the adhesive layer is an acrylic-silicon resin, epoxy-silicon 
resin, polyester-silicon resin or a mixture thereof; 

As a more detailed composition of one of Compositions 12 to 19, 
(Composition 20) is that polysiloxane in the polysiloxane-containing resin of the adhesive layer is a hydrolysate of 
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silicon alkoxide having an alkoxy of 1 - 5 carbons or a product produced from the said hydrolysate; 

As a more detailed composition of one of Compositions 12 to 19, 
(Composition 21) is that colloidal silica in the colloidal-silica containing resin of the adhesive layer is smaller than 
10 nm in particle diameter; 

As a more detailed composition of one of Compositions 12 to 20, 
(Composition 22) is that the adhesive layer is a silicon-modified resin containing polysiioxane; 

As a more detailed composition of one of Compositions 12 to 19 and 21, 
(Composition 23) is that the adhesive layer is a silicon-modified resin containing colloidal silica; 

As a more detailed composition of one of Compositions 12 to 23, 
(Composition 24) is that the adhesive layer is 0.1 jim - 20 m\i thick; 

As a more detailed composition of one of Compositions 12 to 24, 
(Composition 25) is that the photocatalyst layer is 0.1 nm - 20 mn thick; 

As a more detailed composition of one of Compositions 12 to 25, 
(Composition 26) is that the whole light transmittance through the adhesive and photocatalyst layers at the wave- 
length of 550 nm is 70% or more; 

As a more detailed composition of one of Compositions 12 to 26, 
(Composition 27) is that adhesiveness gains 6 points or more in the cross-cut Scotch tape test defined in JIS K5400 
after irradiating with black light of SmW/cm 2 of ultraviolet intensity for 500 hours at the temperature of 40°C and 
90%R.H.; 

As a more detailed composition of one of Compositions 12 to 27, 
(Composition 28) is that the carrier is in the shape of particle, film, plate, tube, fiber or net; 

As a more detailed composition of one of Compositions 1 2 to 28, 
(Composition 29) is that the carrier material is organic polymer or metal. 

A photocataiyst-carrying structure produced by using a coating material of this invention with the above-mentioned 
composition is highly adhesive, which is proved by that adhesiveness constantly gains 6 points or more in the cross-cut 
Scotch tape test defined in JIS K5400 after irradiating with black light of SmW/cm 2 of ultraviolet intensity for 500 hours 
at the temperature of 40°C and 90% R.H. It has also excellent weather resistance, which is proved by that adhesiveness 
always gains 6 points or more in the cross-cut Scotch tape test of JIS K5400 after an accelerated weathering test is 
carried out with a sunshine weather meter for 500 hours. Furthermore, the structure of this invention passes an alkali 
resistance test defined in JIS K5400 after it is immersed in an aqueous solution of 5% by weight of sodium carbonate 
for 24 hours. Every sample keeps high photocatalytic activity. Therefore the structures of this invention can exhibit their 
characteristics satisfactorily for a variety of applications. 

A sol of metal oxide or hydroxide in a photocatalyst coating material in accordance with this invention has an effect 
of fixing and adhering a photocatalyst on a substrate after it is dried. The said sol of metal oxide or hydroxide becomes 
porous after dried so as to have also an effect of giving adsorptive property to the obtained photocataiyst-carrying struc- 
ture for improving photocatalytic activity. A photocatalyst coating material contains preferably 0.5 - 10% by weight of the 
sol of metal oxide or hydroxide as solid matter. If less than 0.5% by weight, adhesion with a substrate is insufficient. If 
exceeding 10% by weight, photocatalytic activity is unsatisfactory. Adhesion becomes stronger and catalytic activity is 
improved if a specific surface area of the sol of metal oxide or hydroxide is preferably 50 m 2 /g or more, and more pref- 
erably 100 rrr^/g or more, when dried at 150°C. 

One or two or more metals selected from silicon, aluminum, niobium and tantalum are preferred as metal compo- 
nents of metal oxides or hydroxides. Preferred are silicon, aluminum and niobium and combinations of silicon-alumi- 
num, silicon-niobium, silicon-tantalum, silicon-aluminum-niobium and silicon-aluminum-tantaium. A coating material 
composite is used more preferably, containing 0.1 - 5% by weight of a solution or suspension of silicon alkoxide having 
1 to 5 carbons and/or a product of polycondensation reaction of the said silicon alkoxide or polymethoxysilcocane or pol- 
yethoxysiloxane which is polycondensed by hydrolysis, as nonvolatile matter. With the use of the above-mentioned, the 
obtained photocatalyst film is excellent in transparency, uniformity and hardness. 

It is possible to use a mixture of oxide or hydroxide sols of one or two or more metals selected from silicon, alumi- 
num, niobium and tantalum as metal components of metal oxide or hydroxide sols, with zirconium or tin compounds. A 
photocatalyst film formed with the said coating material containing the above-mentioned components is improved in 
adhesion after immersed in an aqueous solution of 5% by weight of sodium carbonate for 24 hours. When a specific 
surface area of the oxide or hydroxide sols is 50 xr?Iq or more, and more preferably 100 rr^/g or more, when the sols 
are dried at 150°C, a thin film obtained is highly adhesive, is improved in catalytic activity and keeps excellent adhesive- 
ness even after immersed in an aqueous alkaline solution. In practical use mixed sols or composite oxide sols produced 
by a method such as coprecipitation can be used. It is preferable to make a composite with a photocatalyst by mixing 
uniformly in a form of sol or mixing in a stage of starting materials before preparing sols make a composite with a pho- 
tocatalyst. 
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Methods to prepare sols are hydrolysis of metal salts, decomposition by neutralization, ion exchange, hydrolysis of 
metal alkoxides and the like. Any of the methods can be used if photocatalyst powder is uniformly dispersed in a sol. 
The presence of a large quantity of impurities in a sol gives a bad effect on the adhesiveness and catalytic activity of a 
photocatalyst. Sols with few impurities are preferred. 

A compound represented by Formula [I] 

MO x Ly Formula [I] 

where M ? x, L and y are as defined above, or a mixture thereof is preferably used as a zirconium or tin compound added 
to a photocatalyst coating material. 

Examples of compounds of Formula [I] are zirconium oxide, zirconium oxynitrate, zirconium oxychloride, hydrated 
zirconium oxide, zirconium oxyhydroxide, hydrated zirconium oxynitrate, hydrated zirconium oxychloride, zirconium car- 
bonate, zirconium oxalate, zirconium acetate, zirconium tetraisopropoxide, zirconium tetrabutoxide, zirconium dibutox- 
ide acetylacetate, zirconium dibutoxide lactate, hydrolysates of zirconium tetrabutoxide, hydrolysates of zirconium 
tetraisopropoxide, tin oxide, hydrated tin oxide, tin hydroxide, tin acetate, tin oxalate, tin tetramethoxide, tin tetraethox- 
ide, thin tetraisopropoxide, tin tetrabutoxide, tin dibutoxide acetylacetate, hydrolysates of tin tetrabutoxide and hydro- 
lysates of tin tetraisopropoxide. 

One or two or more compounds selected from the group consisting of oxides, hydrated oxides, oxynitrates, 
hydrated oxynitrates, aikcxides of 1 - 4 carbons and hydrolysates of the said alkoxides are preferably used as zirconium 
or tin compounds added to the photocatalyst coating material. A coating material can be obtained to produce a targeted 
photocatalyst-carrying structure with better alkali resistance. These compounds may be added to a photocatalyst coat- 
ing material by mixing with a sol or solution of metal oxide or hydroxide which is used together with a photocatalyst, by 
mixing with a sol or solution for forming a photocatalyst or by any other methods able to uniformly add into a photocat- 
alyst coating material. . 

Organic carbon components, if contained in a zirconium or tin compound, are decomposed by oxidation due to pho- 
tocataiytic action. An amount of the organic carbon components is small, for the zirconium or tin compounds in the pho- 
tocatalyst material are less than 3% by weight in conversion to the weight of metal oxide. Such decomposing organic 
carbons are thus decomposed to dissipate by ultraviolet radiation outdoors, giving no practical problems. If zirconium 
or tin compounds are contained 3% by weight or more in conversion to the weight of metal oxide in a photocatalyst 
material, the surface of a photocatalyst of titanium oxide is covered so as to reduce photocataiytic activity extremely or 
targeted photocatalyst effect is not attained until the decomposition of contained decomposing componente by oxida- 
tion is over. On the other hand, with an addition of less than 0.02% by weight, the alkali resistance of the obtained pho- 
tocatalyst-carrying structure is insufficient. An addition of 0.02% by weight or more is preferred. 

Furthermore, the content of the zirconium or tin compounds in a photocatalyst coating material is preferably 0.02 - 
1 % by weight in conversion to the weight of metal oxide because photocatalyst transparency is improved and Haze per- 
centage is below 5% as shown in Examples. 

When 0.1 - 5% by weight, to the whole photocatalyst coating material, of a silicon-modified resin or silane coupler 
is added to the photocatalyst material, the obtained photocatalyst coating material is excellent in stability and particu- 
larly in long-term storage as well as a photocatalyst film adheres well, while the produced photocatalyst-carrying struc- 
ture keeps high catalytic activity after a film is formed. 

Commercially available silicon-acrylic resins or silicon-epoxy resins can be used as the silicon-modified resin. 
Either a resin dissolved in a solvent or emulsion dispersed in water can be also used. Compounds represented by Gen- 
eral Formula: RSi(X) 3 or (R) 2 Si(X) 2 , wherein R is an organic group and X is chlorine or an alkoxy, can be used as silane 
couplers. Examples of R in the formulae are methyl, ethyl, vinyl, -y-glycidoxypropyl, r methacryioxypropyl, y-(2-aminoe- 
thyl)aminopropyl, y-chloropropyl, y-mercaptopropyi, ram in °P r 0P vl and Y-acrylcxypropyL A compound can be used 
when X is an alkoxy of 1 - 5 carbons such as methoxy, ethoxy and p-methoxyethoxy in addition to chlorine. 

It is preferable to add 0.1 - 5% by weight of a silicon-modified resin or silane coupler, as solid matter, to a photocat- 
alyst coating material. An effect is weak on increasing adhesiveness after a boiling water test is carried out if added less 
than 0.1% by weight. If added more than 5% by weight, photocataiytic activity is reduced. A silicon-modified resin or 
silane coupler may be added in various ways such as adding into a photocatalyst sol solution or adding into a solution 
of metal oxide or hydroxide sol added together with a photocatalyst. An addition of a silicon-modified resin of emulsion 
type into the above-mentioned sol solution is particularly preferred because photocatalyst adhesion is strengthened 
with hardly decreasing photocataiytic activity. There are no problems if additives such as cross-linking agent are con- 
tained. % 

A photocatalyst of any form, such as powder, sol or solution, can be used in the present invention, if it adheres 
firmly on a substrate and has photocataiytic activity when dried at the drying temperature of a photocatalyst coating 
material. Photocatalyst transparency is improved and linear transmittance becomes high when a phbtdcatalyst sol of 5 
- 40 nm in particle diameter, preferably 5 - 10 nm, is used. Photocatalyst sols are particularly preferred when applied 
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onto glass substrates or plastic moldings that need transparency. A transparent photocatalyst such as that mentioned 
above is also preferred to apply onto a colored or pattern-printed ground canrier so as not to damage the color or pat- 
tern. 

Examples of photocatalysts used in photocatalyst coating materials in accordance with this invention are T10 2l 
ZnO, SrTlOg. CdS, GaP; InP; GaAs, BaTi0 3 , K 2 Nb0 3 . Fe 2 0 3 . Ta 2 O s , W0 3 . Sn0 2 , Bi 2 0 3 . NiO, Cu 2 0. SiC, Si0 2 . MoS^' 
InPb, Ru0 2 and Ce0 2 , and metals such as Pt, Rh, Ru0 2 , Nb, Cu, Sn, Ni and Fe and oxides of these metals which are 
added to the said photocatalysts. Among them, a photocatalyst containing titanium oxide as a main component is most 
suitable from the viewpoint of catalytic activity, stability and cost. 

The photocatalyst mentioned above is desirable to be a water-dispersible sol of 5 - 40 nm in diameter of crystal par- 
ticles in order to disperse it into a coating material uniformly for better adhesiveness after coating. A preferred amount 
of a photocatalyst in a photocatalyst coating material is 0.5% by weight or more and 10% by weight or less, as solid 
matter, to the coating material. Photocatalytic activity is low if an amount of less than 0.5% by weight is added. The 
more a photocatalyst is added, the higher the catalytic activity. An amount of 10% by weight or less is preferred from 
the viewpoint of adhesiveness. 

It is possible to use water alone as a solvent for a photocatalyst coating material. Alcohol may be added to improve 
wettability to the substrate and drying speed. An addition of a large quantity of alcohol is not good since the dispersibility 
of a sol of titanium oxide or metal oxide is lowered to cause precipitation easily. A range between 100/0 to 20/80 in a 
ratio by weight of water/alcohol is preferably used. A proper mixing ratio should be selected depending on conditions 
such as a coating method employed, quality of a substrate used and drying temperature. Alcohol such as methanol, 
ethanol, n-propanol and isopropanol, which can be mixed with water at an arbitrary ratio, can be preferably used alone 
or as a mixture thereof. 

" For the purposes of improving the dispersibility and stability of components in a coating material and forming a uni- 
form film when applied, it is desirable to further add 0.0001 - 1% by weight of a surface active agent to the photocatalyst 
coating material. An amount of a surface active agent added greatly differs depending on a surfactant used. An addition 
of less than 0.0001% by weight may result in non-uniform film or precipitation in the coating material due to poor effect 
on improvement of dispersibility and stability. On the other hand, if added more than 1 % by weight, the quantity of a sur- 
factant is too large. Catalytic activity is greatly decreased and alkali resistance is reduced. Commercially available sur- 
face active agents can be used. Preferred are surfactants containing no metal ions such as non-ionic polyoxyethylene, 
polyoxypropylene, glycol ester and glycerol ester, aliphatic amines and amides and fluorine surfactants. 

A photocatalyst-carrying structure with excellent durability according to the present invention has a structure with 
an adhesive layer between a photocatalyst layer obtained by applying and drying the above-mentioned photocatalyst 
coating material and a carrier. The adhesive layer between the photocatalyst layer and carrier protects the substrate 
carrier from deterioration due to photocatalytic action and strongly adheres the photocatalyst layer orto the carrier: The 
adhesive layer itself resists to deterioration due to photocatalytic action. 

Materials used for the adhesive layer are silicon-modified resins such as acrylic-silicon resins containing 2 - 60% 
by weight of silicon, epaxy-silicon resins and polyester-silicon resins; resins containing 3 - 60% by weight of polysi- 
loxane; or resins containing 5 - 40% by weight of colloidal silica. These resins are suitable to adhere a photocatalyst 
strongly and to protect a carrier from the photocatalyst. Adhesion with the photocatalyst layer is poor and the photocat- 
alyst layer is easily exfoliated due to the deterioration of the adhesive layer by the photocatalyst when a silicon-modified 
resin, such as an acrylic-silicon resin, containing less than 2% by weight of silicon, a resin containing less than 3% by 
weight of polysiloxane or a resin containing less than 5% by weight of colloidal silica is used. Adhesion between the 
adhesive layer and carrier is poor and wear resistance is bad because of low hardness of the adhesive layer if a silicon- 
modified resin, such as an acrylic-silicon resin, containing more than 60% by weight of silicon is added. The photocat- 
alyst is easily exfoliated from the carrier since the adhesive layer becomes porous or adhesion between the carrier and 
adhesive layer becomes poor if a resin containing more than 60% by weight of polysiloxane or a resin containing more 
than 40% by weight of colloidal silica is added. 

Silicon can be introduced into a resin by various methods such as an ester exchange reaction, graft reaction using 
silicon macromers or reactive silicon monomers, hydrosilylation reaction and block copolymerization, when a resin used 
for the adhesive layer is a silicon-modified resin, such as an acrylic-silicon resin, epoxy-silicon resin or polyester-silicon 
resin. A silicon-modified resin obtained by any of the said methods can be used as an adhesive layer resin. Examples 
of silicon introducing resins are acrylic, epoxy, polyester, alkyd and urethane. Among them, acrylic, epoxy and polyester 
resins are most suitable in terms of forming film, toughness and adhesion with a carrier. These resins can be used 
either by dissolving in a solvent or in the form of emulsion. There are no problems if additives such as cross-linking 
agents are added. 

When an adhesive layer resin contains polysiloxane which is a hydrolysate of silicon alkcocide having an alkoxy of 
1 - 5 carbons or a product produced from the said hydrolysate, a photocatalyst-carrying structure is obtained with 
improved adhesiveness and durability If the number of carbons of the alkoxy group of silicon alkoxide exceeds 6, com- 
pounds become expensive. Besides, a hydrolysis speed of the silicon alkcocide is very slow so that it is difficult to harden 
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polysiloxane in the resin. As a result adhesiveness and durability become poor. Polysiloxane obtained by hydrolyzing a 
silicon alkoxide containing chlorine partially can be used. The use of polysiloxane containing a large quantity of chlorine 
results in corrosion of the carrier or poor adhesiveness due to impurity chlorine ions. 
Preferred polysiloxane compounds to be used are those represented by Formula [II] 

SiCMOHJngR^OFy^ Formula [II] 

wherein R 1 is an alkyl of 1 - 8 carbons, which may be substituted by amino, carboxyl or chlorine, such as methyl, ethyl, 
propyl isopropyl. butyl, s-butyl, t-butyl. hexyl, octyl, aminomethyl, aminoethyl, carboxymethyl, carboxyethyl, chlorome- 
thyl chloroethyl and chloropropyl; and R 2 is an alkyl of 1 - 8 carbons such as methyl, ethyl, propyl, isopropyl. butyl, s- 
butyl t-butyl and hexyl or an alkyl of 1 - 8 carbons and substituted by an alkoxy group such as methoxymethyl, 
ethoxymethyl. propoxymethyl, isopropoxymethyl, butoxymethyl, methoxyethyl. ethoxyethyl, propoxyethyl, methoxypro- 
pyl and methoxybutyl. n, , ry> and rig are 0, 1 or 2. n 4 is an integer between 2and4andn 1+ n 2 + n3 + n 4 - 4 

Preferred examples of silicon alkoxides of Formula [II] are Si(OCH 3 ) 4 . Si(OC 2 H.5) 4 , Si(OC 3 H 7 )4, Si(OC 4 Hg) 4 , 
SiCOCsH,-,).. Si(OC 6 H 13 )4, SiCH 3 (OCH3) 3 . SiCH 3 (OC 2 H5) 3 , SiCH 3 (OC3H 7 ) 3 SiCH3(OC 3 H 7 ) 3 . SiCH 3 (OC 4 H g ) 3 , 
SiCKOChlSt SiCKOC^. SiCI(OC 3 H 7 ) 3 . SiCI(OC 4 H 9 ) 3 , SiCI(OC 6 H 13 ) 3 . SiCKOHMOCH^, SiCI(OH)(OC 2 H 5 ) 2 . 
SiClfOHVOC^^s, SiCI(OH)(OC 4 H 9 ) 2 , SiCI 2 (OCH3) 2 and SiCI 2 (OC2H 5 ) 2 . 

There are various methods to introduce polysiloxane into a resin. For example, a silicon alkoxide monomer is mixed 
with a resin solution and hydrolyzed with moisture in the air when an adhesive layer is formed, and a product of partially 
hydrolyzed silicon alkkoxide is mixed with a resin beforehand and hydrolyzed with moisture in the air when an adhesive 
layer is formed Any methods able to mix with a resin uniformly can be employed. A small amount of an acid or base 
catalyst can be added to change the hydrolysis speed of silicon alkoxide. Polysiloxane of 3 - 60% by weight is preferably 
added to a resin in order to strongly adhere a photocatalyst layer onto a carrier. An amount of 3 - 40% by weight is par- 
ticularly preferred to improve alkali resistance. Polysiloxane can be introduced into any resin such as an acrylic resin, 
acrylic-silicon resin, epoxy-silicon resin, polyester-silicon resin, silicon-modified resin, urethane resin, epoxy resin, po - 
yester resin and alkyd resin. Silicon-modified resins including an acrylic-silicon resin, epoxy-silicon resin, polyester-sil- 
icon resin and a mixture of these resins are most suitable in terms of durability and alkali resistance. 

Colloidal silica of smaller than 10 ran in particle diameter is preferred when a resin containing colloidal silica is used 
for an adhesive layer. If larger than 10 nm, the resin in the adhesive layer is easily deteriorated by the photocatalyst and 
adhesion between the photocatalyst and adhesive layers becomes poor. The simplest method to .ntroduce the said col- 
loidal silica into a resin is to mix a resin solution with a colloidal silica solution, followed by applying and drying to form 
a protective film. In addition, a product synthesized by polymerizing a resin with dispersed colloidal silica can be used. 
Colloidal silica may be treated with a silane coupler in order to improve the adhesiveness and dispersibility between col- 
loidal silica and a resin. , • ,. . „. 

An amount of colloidal silica to add to a resin is preferably 5 - 40% by weight in order to strongly adhere a photo- 
catalyst layer onto a carrier. To improve alkali resistance. 5 - 20% by weight is particularly preferred. Colloidal silica can 
be introduced to any resin such as an acrylic resin, acrylic-silicon resin, epoxy-silicon resin, silicon-modified resin, ure- 
thane resin epoxy resin, polyester resin and alkyd resin. Silicon-modified resins including an acrylic-silicon resin 
epoxy-silico'n resin or polyester-silicon resin are most suitable in terms of durability and alkali resistance. Any type of 
colloidal silica can be used, for example, silica sol obtained by cation exchange of an aqueous solution of sodium sili- 
cate or silica sol produced by the hydrolysis of silicon alkoxide. 

In case a resin containing colloidal silica or polysiloxane is used for the adhesive layer, the colloidal silica or polysi- 
loxane is preferred to be smaller than 10 nm in particle diameter. If larger than 10 nm. dispersibility becomes poor and 
the light transmittance of the adhesive layer is decreased. Thus the whole light transmittance through the adhesive and 
photocatalyst layers altogether at a wavelength of 550 nm may be below 70%. 

A photostabilizing agent and/or ultraviolet absorbent can be mixed into an adhesive layer resin for the purpose of 
controlling deterioration by photocatalytic activity. Hindered amine compounds are good at using as photostabilizing 
agents Other agents can be also used. Triazole compounds can be used as ultraviolet absorbents. An amount to add 
to the resin is 0 005% by weight or more and 10% by weight or less, preferably 0.01% by weight or more and 5% by 
weight or less. Treatment of the surface of the adhesive layer with a silane or titanium coupler may improve the adhesion 
with the photocatalyst layer. - • . ■ . 

Examples of methods to adhere an adhesive layer onto a carrier are coating a resin solution by such a method as 
printing sheet molding, spray blowing, dipping and coating or spin coating, followed by drying. In general drying tem- 
perature is preferably 50°C or above and 300°C or below though it differs depending on a type of solvent or resin used. 
An adhesive layer is desirably 0.1 fim or thicker and 20 nm or thinner for the purpose of attaining good adhesion with a 
photocatalytic layer. If the adhesive layer is thinner than 0.1 nm. an action to adhere the photocatalyst layer strongly 
becomes weak. There are no particular problems if thicker than 20 nm. A layer of thicker than 20 ^m has few advan- 
tages in consideration to practical coating processes. 
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A photocatalyst coating material of this invention can be applied onto a carrier with an adhesive layer, which is pro- 
duced according to the method mentioned above, in order to form a photocatalyst film. It can be done by an ordinary 
coating method such as dipping, bar coating, spray blowing, screen printing, gravure printing, roll coating, transcription 
printing, doctor blading, brush coating and spin coating. Drying temperature at applying a photocatalyst coating mate- 
rial is preferably 50°C or above and 300°C or below, though it differs depending on a carrier material used. 

The thicker the photocatalyst coating film obtained by using a photocatalyst coating material of the present inven- 
tion, the higher photocatalytic activity is. However, there is hardly any change in the activity if it is thicker than 5 ^m. A 
thinner coat transmits more light and the catalyst layer becomes inconspicuous, being thus preferred. If the film is thin- 
ner than 1 urn, ultraviolet rays utilized by the photocatalyst passes through. High catalytic activity cannot be accom- 
plished. A photocatalyst layer with more than 70% of the whole light transmittance at the wavelength of 550 nm is 
obtained when a photocatalyst layer is made 0.1 or thicker and 5 ^im or thinner and photocatalyst particles of 
smaller than 40 nm in diameter of crystal particle and a gel of metal oxide or hydroxide with a specific surface area of 
100 rrf/g or more are used. If a structure carrying a photocatalyst layer has more than 70% of the whole light transmit- 
tance at the wavelength of 550 nm, visible rays transmitting through the structure can be used as lighting in case a 
transparent carrier is used. Even if a carrier is opaque, a structure of the present invention is useful in decoration since 
any patterns on the earner are not damaged. 

A photocatalyst film can be formed with the photocatalyst coating material on a carrier of any complex shape such 
as particle, film, plate, tube, fiber and net The photocatalyst coating material of the present invention may have poor 
adhesion, if used aione. depending on a substrate used. An adhesive layer can be set between the substrate and the 
photocatalyst layer. With the adhesive layer, a photocatalyst-carrying structure can be produced with excellent adhe- 
siveness and high photocatalytic activity as well as excellent durability so as to be used outdoors In particular, a pho- 
tocatalyst-carrying structure with both excellent adhesiveness and high photocatalytic activity can be produced by 
applying a resin such as a silicon-modified resin, a resin containing polysiloxane or a resin containing colloidal silica, as 
an adhesive layer between a photocatalyst layer and carrier, on various general-purpose plastic substrates such as pol- 
yester, polyurethane, acrylic, nylon and PVC. 

A substrate is preferably 10 ^m or more in size in order to strongly adhere a photocatalyst layer onto the substrate 
with the photocatalyst coating material of this invention. Organic polymers, which cannot be heated when a photocata- 
lyst is adhered, and metals, which are easily oxidized to corrode by heat or water, can be used to produce a structure 
with a photocatalyst by applying the photocatalyst coating material. A carrier whose surface is treated by corona dis- 
charge or with a primer can be also used to improve the adhesion between the photocatalyst layer and carrier. 

The photocatalyst coating materials of this invention as well as photocatalyst carrying structures according to the 
present invention and produced by using the said coating material are preferably used on easily soiled surfaces, such 
as interior/exterior paints for buildings, outside mortar walls of buildings, aluminum frames, braided door braids, alumi- 
num exterior panels, wall papers, window panes, window panes for transport vehicles, blinds, curtains, carpets, 
indoor/outdoor lighting equipment, indoor/outdoor lighting lights, road lights, tunnel lights, sound-proof highway walls! 
guard rails, road signs, traffic signs, traffic lights, beacon lights, cones for road separation, adhesive sheets for reflection 
tapes, road reflection mirrors, lighthouse lights, fluorescent lights, black lights, xenon lamps, chemical lamps, paints for 
protecting ship bottom and fish nets from soiling, fillers for water treatment, PVC film for agricultural use, sheets to pro- 
tect from weeds, shattering-resistant glass film, various cards, packs for packaging and packaging film, for the purpose 
of antifouling, sterilization, decomposition of attached dirt and decrease in the number of cleanings. This invention pro- 
vides photocatalyst-carrying structures applicable particularly in an environment of high temperature and humidity or 
outdoors. 

Best Mode for Carrying Out the Invention 

This invention is further described in detail with reference to examples. The present invention is not restricted by 
the examples. 

1) Evaluation of Photocatalytic Activity 

A sample carrying a photocatalyst and of 70 mm x 70 mm in size was placed in a 4-liter Pyrex glass container. A 
mixed gas of air and aldehyde was introduced into the container so that aldehyde concentration was 500 ppm. The 
sample was irradiated with black light (FL 15BL-B, Matsushita Electric Industry Co., Ltd.) of 2mW/crn 2 of ultraviolet 
intensity for 2 hours. The concentration of aldehyde gas in the container was measured by gas chromatography. Pho- 
tocatalytic activity was evaluated based on an amount of decrease in the aldehyde concentration. Evaluation criteria fol- 
low: 
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Aldehyde gas concentra- 
tion after 2-hour irradia- 
tion 


Grade 


Less than 50 ppm 


A 


50 - 200 ppm 


B 


200 - 300 ppm 


C 


300 - 450 ppm 


D 


More than 450 ppm 


E ■ 



2) Evaluation of Adhesiveness 

Adhesiveness was evaluated according to the cross-cut Scotch tape test defined in JIS K5400. Cuts are 2 mm 
apart. The number of squares is 25. Scores were counted according to the criterion described in JIS K5400. 

3) Alkali Resistance Test 

Two test samples of 70 mm x 150 mm in size and carrying a photocatalyst were each coated with a commercially 
available tar epoxy paint on the surface and back face of the periphery of 5mm from the edge. They were sufficiently 
dried under prescribed conditions, immersed up. to 120 mm from the bottom in a polyethylene beaker containing an 
aqueous solution of 5% by weight of sodium carbonate, and stood at room temperature for 24 hours. The samples were 
taken out, sufficiently washed with distilled water to remove attached aqueous solution of sodium carbonate, wiped 
lightly with absorbent cotton and dried at room temperature for 2 hours. The portion contacted with the aqueous solu- 
tion of sodium carbonate was compared visually with a non-treated sample according to the criterion defined in JIS 
K5400 Conditions for passing the test are that none of the two samples is swollen, cracked, peeled off, pinholed and 
softened, that the immersed solution is not turbid and has no color change and that the luster and color change of the 
test pieces are not much different from those of a non-treated piece. 

4) Measurement of Whole Light Transmittance 

Whole light transmittance of a sample carrying an adhesive layer and photocatalyst layer was measured at the 
wavelength of 550 nm by an automatically-recording spectrophotometer (U-4000, Hitachi Seisakusho Co., Ltd.) with 
reference to a carrier having no layers. 

5) Evaluation of Durability 

A sample carrying a photocatalyst layer was irradiated with black light of SmW/cm 2 of ultraviolet intensity for 500 
hours in a thermo-hydrostat set to 40°C and 90% R.H. Adhesiveness was measured according to the cross-cut Scotch 
tape test defined in JIS K5400 in order to evaluate durability. Scores are the same as those for adhesiveness. 

6) Accelerated Weathering Test by Sunshine Carbon Arc Weather Meter 

An accelerated weathering test by a sunshine carbon arc weather meter, defined in JIS K5400, was carried out 
using a meter, WEL-SUN-HCN of Suga Shikenki Co., Ltd. Test conditions were 500 hours, black panel temperature of 
63°C 120-minute cycle and 18-minute raining. Three samples after the test were checked visually for swelling, crack- 
ing, exfoliating/whitening and surface changes in comparison with an original sample before the accelerated weather- 
ing test. Evaluation criteria are described below: 

( Evaluation Criteria > 



A) Ail of the 3 test pieces have no changes. 

B) Slight changes are recognized on 1 - 2 pieces out of the 3 test pieces. 

C) Slight changes are recognized on all of the 3 test pieces or a big change is apparently recognized on 1 



- 2 
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pieces. 

An adhesiveness test was carried out by the cross-cut Scotch tape test with cuts of 2 mm apart according to the 
method defined in J IS K5440 before and after the accelerated weathering test was performed. 

5 

7) Pencil Hardness Measurement 

Pencil hardness defined in JIS K5400 was measured using a pencil hardness tester (C221 A, Yoshimitsu Seiki Co., 
Ltd.) with a weight of 1 kg. The trace was observed visually. 

10 

9) Antibacterial Test 

A sample cut to 5-cm square was disinfected with 80% ethanol and sterilized by drying at 150°C. Escherichia coli 
was cultured and diluted to prepare a solution of the concentration of 10 5 /ml beforehand. On the surface of the sample 

15 was dropped 0.2 ml of the bacteria solution. Three sets of four samples thus prepared were separately set in an incu- 
bator. A set was irradiated with black light (15Wx 2 lights, distance from the light source: 10 cm), another set was irra- 
diated with fluorescent lamps (15W x 2 lamps, distance from the light source: 10 cm) and the third was kept In the dark 
with no irradiation. After 1, 2, 3 or 4 hours, a sample was taken out and wiped with sterilized gauze, which was 
immersed in sterilized physiological saline beforehand, for removing the bacteria solution. The gauze used was placed 

20 in 1 0 ml of sterilized physiological saline and stirred sufficiently. The supernatant of the bacteria solution was planted in 
an agar culture in a Petri dish of 95 mm in diameter, which was sterilized in an autoclave beforehand, and cultured at 
36°C for 24 hours. Then the number of E coli colonies was counted. The same process as mentioned above was 
repeated to prepare reference samples except keeping under daylight The number of E coli colonies counted was used 
as a standard to calculate a survival rate for each sample kept in the dark with no irradiation, irradiated with black light 

25 or irradiated with fluorescent lamps, after taken out at a prescribed time. 

< Examples) 

The following materials were used for carriers: 

30 

(TA) Polyester film treated with primer 
(TB) Soda lime glass plate 
(TC) Rigid PVC sheet 
(TD) Transparent acrylic plate 
35 (TE) Aluminum plate 

The following were used as polysiloxane to be contained in an adhesive layer: 

(PS-1) Silicon tetramethoxide monomer (Shin-etsu Kagaku Co., Ltd.) 
40 (PS-2) Polymethoxy siloxane (Colcoat Co., Ltd.; Trade name: Methyl Silicate 51) 
(PS-3) Polyethoxy siloxane (Colcoat Co., Ltd.; Trade name: Ethyl Silicate 40) 

The following were used as colloidal silica to be contained in an adhesive layer: 

45 (KS-1) Trade name: Cataloid SI-350 (Shokubai Kasei Co., Ltd.), particle diameter: 7 - 9 nm 

(KS-2) Trade name: Snowtex ST-XS (Nissan Chemical Industry Co., Ltd.), particle diameter: 4 - 6 nm 

The following were used as resin solutions for introducing polysiloxane or colloidal silica. The silicon content is writ- 
ten in conversion to the weight of S1O2 in solid matter of the resin. 

50 

(J-1) Xylene solution of acrylic-silicon resin with 3% by weight of silicon 
(J-2) Xylene isopropanol solution of acrylic-silicon resin with 10% by weight of silicon 
(J-3) Aqueous solution of acrylic-silicon emulsion resin with 3% by weight of silicon 
(J-4) Aqueous solution of acrylic-silicon emulsion resin with 10% by weight of siiicon 
55 (J-5) Methyl ethyl ketone solution of epoxy-silicon resin with 3% by weight of silicon 
(J-6) Ethyl acetate solution of polyester-silicon resin with 3% by weight of silicon 
(J-7) Aqueous solution of acrylic emulsion resin 
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Polysiloxane or colloidal silica was mixed with a resin solution and the concentration was adjusted to give a solution 
for forming an adhesive layer. An adhesive layer was formed by a dipping method when a carrier was thinner than 2 jim 
or was other than a plate in shape. A baker applicator was used when a carrier was a plate in shape and was thicker 
than 2 jim. The adhesive layer was dried at 80°C for the carriers of (TC) and (TD) and at 120°C for other carriers. 

The following were used as photocatalysts: 

(C-1) Titanium oxide fine powder (Nippon Aerosi! Co., Ltd., Trade name: P-25, crystal particle: 27 nm in diameter 
(C-2) Titanium oxide sol acidified with nitric acid (crystal particle: 8 nm in diameter) 

The following sols of metal oxides or hydroxides were used as photocatalyst binders to adhere with a photocatalyst 
and the following sol or compound solutions for zirconium or tin compounds as agents to give durability arid particularly 
alkali resistance. 

(Z-1) Silica sol: Shokubai Kasei Co., Ltd., Trade name - Cataloid SI-30, Specific surface area after drying at 150°C: 

. (Z-2) Alumina sol: Nissan Chemical Industry Co., Ltd., Trade name - Alumina sol, Specific surface area after drying 
at ISO^^OOnrVg. 

(Z-3) Niobium oxide sok.An aqueous solution of niobium oxalate (CBMM Co., Ltd.) was neutralized with 10% aque- 
ous ammonia, dried at 150°C, then deflocculated with an aqueous solution of diluted nitric acid. The deflocculated 
product was further dried at 1 50°C and had a specific surface area of 60m 2 /g. 

(Z-4) Zirconia sol: Zirconium tetrabutcocide (TBZR; Nippon Soda Co., Ltd.) was hydrolyzed in ethanol, dried at 
1 50°C, heated at 200°C - 350°C and deflocculated with an aqueous solution of diluted nitric acid. The deflocculated 
product was further dried at 1 50°C and had a specific surface area of 50 - 1 0OrrrVg. 

(Z-5) Tin oxide sol: A 1% aqueous solution of tin oxide (Wako Junyaku Co., Ltd.) was neutralized with an aqueous 
. solution of 1 N sodium hydroxide. The precipitate produced was separated by decarrtation, repeatedly washed with 
ion-exchanged water and dried. It was again dispersed in ion-exchanged water by ultrasonic dispersion equipment 
and stood alone for a day and a night. The supernatant was separated to give a solution of tin oxide sol containing 
1% of solid matter. After this sol solution was dried at 150°C, the specific surface area was 80 - 120m 2 7g. 
(Z-6) Zirconium oxynitrate-1 : To a 10% ethanol solution of zirconium tetrabutoxide (TBZR, Nippon Soda Co., Ltd.) 
was added 61% nitric acid containing nitrate ions twice in mole the number of zirconium atoms. Water of half an 
amount of the resulting solution was added to complete hydrolysis. The organic portion was distilled under reduced 
pressure. The obtained solution was used as a zirconium oxy nitrate solution. 

(Z-7) Zirconium' oxynitrate-2: Zirconium oxynitrate hexahydrate (Wako Junyaku Co., Ltd., pure reagent grade) was 
dissolved in water to make a 1 0% aqueous solution and heated for 1 2 hours to remove a half of the water at atmos- 
pheric pressure. The obtained solution was diluted with an equal amount of water for using as a zirconium oxyni- 
trate solution. 

The following solutions were used as a silicon alkoxide and siiane couplers. 

(S-1) Ethanol solution of 5% by weight of silicon tetraethoxide (Shin-etsu Kagaku Co., Ltd.) 

(S-2) Ethanol solution of 5% by weight of siiane coupler (Nippon Uniker Co., Ltd., Trade name: A-117) 

(S-3) Aqueous solution of acrylic-silicon emulsion resin containing 3% by weight of silicon 

Examples 1-25 

A photocatalyst of (C-1) or (C-2), a metal oxide or hydroxide sol of (Z-1) to (Z-3) as a photocatalyst binder, a zirco- 
nium or tin compound solution of (Z-4) to (Z-7) as an agent to endow alkali resistance and a silicon compound of (S-1) 
to (S-3). and a surface active agent if necessary, were mixed by stirring in solvents shown in Table 1 for 30 minutes at 
room temperature. 

Compositions of each component are shown in Table 1 . 
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Table 1 



10 



15 



20 



25 



30 



35 



40 



45 



50 




1 ) An amount of each component is an addition amount to 100 parts of solvents (% by 
weight). 

* 2 ) Content as solid matter. 

* 3 ) Amount in conversion to the weight of an oxide. 
*4) Ethanol 
*5) Methanol 

* 6 ) Isopropanol 
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Table 1 (Continued) 



• 


Photo- 
catalyst* 1 


MOx/ 
M(OH)x 
sol 


Zr/Sn 

compound 

*1 


Silicone 
coupler 


Sur- 
fac- 
tant 


Solvent 
ratio by ^ 
weight 


t vnp 


atv 
*1 




atv 
*1 


tvoe 


atv 
*3 


type 


qty 


qty 




ROH 


Example 21 


C-2 


1 0 


Z-1 
Z-3 


0 9 
0.1 


Z-6 


0 05 




0.004 


50 


50*4 


Example 22 


C-2 


0 5 


Z-1 


0 5 


Z-7 


0 05 




0.004 


80 


20*6 


Examole 23 


C-2 


1.0 


Z-1 

7-2 


1.6 

0 2 


Z-7 


0.1 


S-l 


0.1 


0.004 


70 


30*7 


TCxnmnle 24 


C-2 


4 


Z-1 


3.36 


Z-6 


0.32 




0.004 


40 


60*5 


TT.yattitiIp 25 


C-2 


4 


Z-1 


3.8 


Z-7 


0.2 


S-l I 0.5 


0.004 


40 


60*4 


Comparison 

TtVvilTTITlTo 1 










Z-5 


U.wUO 

0.008 


4 


0.001 


60 

Uv 


40*4 


Comparison 

TJIttsityitiIa 2 


G-l 


3 2 


Z-1 
Z-2 


3.2 
0.8 








0.002 


50 


50*4 


Comparison 
Example 3 


C-l 


3.2 


Z-1 


3.2 


Z-4 


1.6 




0.2 


20 


80*4 


Comparison 
Example 4 


C-l 


15 


Z-1 


10 










50 


50*4 


Comparison 
Example 5 


C-2 


0.3 


Z-1 


0.3 


Z-4 


0.01 




0.004 


50 


50*4 


Comparison 
Example 6 


C-2 


4 


Z-1 


4 


Z-4 


4 


S-l- 


0.1 


0.004^ 


70 


30*4 


Comparison 
Example 7 


C-2 


4 


Z-1 


4 


Z-4 


4 




0.04 


70 


30*6 


Comparison 
Example 8 


C-2 


4 


Z-1 


4 


Z-4 


1 






10 


90*6 



10 



15 



20 



25 



30 



*1 - *6: Refer to the previous page. 
* 7 ) h-Prbpanol 



35 



Examples 26 - 50 

40 

A coating material composite for an adhesive layer in Reference Examples 1 - 25 was applied and dned. A photo- 
catalyst coating material shown in Examples 1 - 25 was then applied and dried to give a photocatalyst-carrying struc- 
ture of 26 - 50. 

A photocatalyst layer was formed by a dipping method when a carrier is thinner than 2 |im or is other than a plate 
45 in shape. A bar coater was used when a carrier is a plate and the layer is thicker than 2\xm 

Table 2 shows compositions of adhesive and photocatalyst layers and thickness of each layer. 
Table 3 shows compositions of adhesive-layer coating materials 

The photocataiytic activity, adhesiveness, alkali resistance, the results of sunshine weather meter test, whole light 
transmittance and Haze percentage of the obtained photocatalyst-carrying structure are shown in Table 4. 

50 



55 
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10 



15 



20 



25 



30 



35 



40 



45 



Table 2 



Example 



Example 26 



Example 27 



Example 28 



Example 29 



Example 30 



Example 31 



Example 32 



Example 33 



Example 34 



Example 35 



Example 36 



Example 37 



Example 38 



Example 39 



Example 40 



Example 41 



Carrier 



Example 42 



Example 43 



Example 44 



Example 45 



TA 



TB 



TA 



TB 



TC 



TB 



TA 



TB 



TC 



TD 



TB 



TA 



TA 



TB 



TC 



TB 



TD 



TE 



Adhesive layer 
coating material 



Photocatalyst 
coating material 



Reference 
Example 1 



Example 1 



Reference 
Example 2 



Example 2 



TA 



Reference 
Example 3 



Example 3 



TA 



Reference 
Example 4 



Example 4 



Reference 
Example 5 



Example 5 



Reference 
Example 6 



Example 6 



Reference 
Example 7 



Example 7 



Reference 
Example 8 



Example 8 



Reference 
Example 9 



Example 9 



Reference 
Example 10 



Example 10 



Reference 
Example 11 



Example 11 



Reference 
Example 12 



Example 12 



Reference 
Example 13 



Example 13 



Reference 
Example 14 



Example 14 



Reference 
Example 15 



Example 15 



Reference 
Example 16 



Example 16 



Adhesive 
layer *l 



Photocatalyst 
layer *1 



Reference 
Example 17 



Example 17 



Reference 
Example 18 



Example 18 



Reference 
Example 19 



Example 19 



Reference 
Example 20 



Example 20 



*1) Thickness of layer: 



0.3 



0.1 



0.1 



0.2 



0.2 
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Table 2 (Continued) 



Example 


Carrier 


Adhesive layer 
coating material 


Photocatalyst 
coating material 


Adhesive 
layer *1 


Photocatalyst 
layer *1 


Example 46 


TA 


Reference 
Example 21 


Example 21 


3 


0.2 


Example 47 


TB 


Reference 
Example 22 


Example 22 


0.5 


0.1 


Example 48 


TB 


Reference 
Example 23 


Example 23 


1 


0.5 


Example 49 


TB 


Reference 
Example 24 


Example 24 


3 


1 


Example 50 
*2 


TB 


- 


Example 25 


2 


1 


Comparison 
Example 9 


TA 


- 


Comparison 
Example 1 


1 




Comparison 
Example 10 


TB 


Comparison 
Example A 


Comparison 
Example 2 


2 


1 


Comparison 
Example 11 


TA 


Comparison 
Example B 


Comparison 
Example 2 


3 


2 


Comparison 
Example 12 


TB 


Comparison 
Example C 


Comparison , 
Example 3 


3 


2 


Comparison 
Example 13 


TC 


Comparison 
Example D 


Comparison 
. Example 4 


2 


1-8 


Comparison 
Example 14 


TC 


Comparison 
Example D 


Comparison 
Example 5 


2 


0.1 


Comparison 
Example 15 


TC 


Comparison 
Example D 


Comparison 
Example 6 


2 


1 


Comparison 
Example 16 


TC 


Comparison 
Example D 


Comparison 
Example 7 


2 


1 


Comparison 
Example 17 


TA 


Comparison 
Example D 


Comparison 
Example 8 


2 


1 . 



*1) Thickness of layer - um 



*2) A coating material was applied on a substrate and dried at 200°C for 30 minutes. 



Reference Examples 

A resin solution of aforementioned (J-1) - (J-7), a silicon alkoxide or poiysiloxane of (PS-1) - (PS-3) and colloidal 
silica of (KS-1) or (KS-2) were mixed by stirring in a solvent shown in Table 3 at room temperature for 30 minutes in 
order to prepare a coating material composite for an adhesive layer. 
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Table 3 





Adhesive layer 
resin *1 


Polysiloxane, 
Colloidal silica *1 


Solvent 


Surfactant 


type 


qty & 


type 


qty 


type ratio 


addition 


Reference 
Example 1 


J-l 


10 






Xylene 100 


0.05 


Reference 
Example 2 


T 1 

O- L 


1U 






Xylene 100 


0.01 


Example 3 


J-l 


9 


PS-2 


1 


Ethanol 50 


A HQ 

u.uo 


Reference 


J-l 


7.5 


PS-2 


2.5 


Xylene 50 

n jLna nt>i ou 


0.05 


Reference 
Example 5 


T O 

J-2 


6 


Pb-2 


4 


xylene 40 
Ethanol 40 

jLsopropanox zu 


0.05 


Reference 
Example 6 


T c%. 

J-2 


9 


PS-3 


1 


Xylene 40 
Ethanol 40 
isopropanoi zu 


0.05 


Reference 
£iXampie / 


J-2 


8 


PS-3 


2 


Xylene 40 
jcitnanox 

Isopropanoi 20 


0.05 


Reference 
JCixampie o 


J-5 


7 


PS-2 


3 


Methyl ethyl 50 
Ketone 

Ethanol 50 


0.05 


Reference 

tj 1 jHfc — — ^ -Mfc | (1 

Tixampxe y 


J-6 


5.5 


PS-2 


4.5 


Ethyl 50 
acetate 

Ethanol 50 


0,1 


xteie re nee 
Example 10 


J-l 


9 


■ TIC** O 

PS-2 


1 


Ayiene ou 
Ethanol : 50 


u.uo 


xteierence 
Example 11 


T er 

J-5 


8 


PS-2 


2 


lvietnyi etnyi ou 
ketone 


U.UUD 


Reference 

F.Ynmnlp 1 2 

JJAdlil U1C J.^* 


J-5 


7 


PS-3 


3 


Methyl ethyl 50 

AG vU LLC 

Ethanol 50 


0.05 


XVC it? XT C llLrC 

Example 13 


o -o 


q 




i 


Wfltpr 1 no 


0 05 


Reference 
Example 14 


J-3 


8 


KS-l 


2 


Water 100 


0 05 


Reference 
Example 15 


J-3 


7 


KS-2 


3 


Water 100 


0.1 


Reference 
Example 16 


J-4 


6 


KS-2 


4 


Water 100 


0.1 


Reference 
Example 17 


J-7 


8 


KS-2 


2 


Water 100 


0.3 


Reference 
Example 18 


J-4 


7 


KS-2 


3 


Water 100 


0.5 



*1) % hy weight. Amount of nonvolatile matter added to solvents. 



*2) Content as solid matter 
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Table 3 (Continued) 





Adhesive layer 
resin *1 


Polysiloxane 
Colloidal silica *1 


Solvent 


Surfactant 
*1 


type 


qty*2 


type 


Qty 


type ratio 


addition 


Reference 
Example 19 


j-i 


. 7 


PS-2 


3 


Xylene 50 
Ethanol 50 


- 0.01 


Reference 
Example 20 


j-i 


7 


PS-2 


3 


Xylene 50 
Ethanol 50 


0.005 


Reference 
Example 2 1 


j-i 


7 


PS-2 


3 


Xylene 50 
Ethanol 50 


0.05 


Reference 
Example 22 


j-i 


8 


- PS-2 


2 


Xylene 50 
Ethanol 50 


0.05 


Reference 
Example 23 " 


J-2 


8 


PS-2 


2 


Xylene 50 
Ethanol 50 


0.05 


Reference 
Example 24 


J-2 


8 


PS-2 


2 


Xylene 50 
Ethanol 50 


0.05 


Comparison > 
Example A 


J-l 


3 


PS-2 


7 


Xylene 50 
Ethanol 50 


0.05 


Comparison 
Example B 


J-4 




KS-2 


5 


Water 100 


0.05 


Comparison 
Example C 


J-7 


9.8 


PS-1 


0.2 


Xylene 50 
Ethanol 50 


0.05 


Comparison 
Example D 


J-l 


9 


PS-2 


1 


Xylene 50 
Ethanol 50 


0.05 



*1) % by weight. Amount of nonvolatile matter added to solvents. 



*2) Content as solid matter 
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Table 4 





Photo- 
catalyst 
activity 


Adhesiveness 
test 


Alkali 
resist- 


Sunshine 
weather meter 


Whole 
light 


Pen- 
cil 
hard 
-ness 


1 Heiz 1 
co- 
effi- 
cient 
(%) 


before 
dura- 
bility 
test 


after 
dura- 
bility 
test 


ance 
test 


Sur- 
face 
after 
test 


adhe- 
sion 
after 
test 


trans- 
mit - 

tance 
(%) 


Example 
26 


A 


10 


8 


Passed 


A 


8 


78 


3H 




. Example 
27 


A 


10 


8 


Passed 


A 


8 


76 


3H 


m 

* 


Example 
28 


B 


10 


8 


Passed 


A 


8 


74 


3H 




Example 
29 


D 


10 


10 


Passed 


A 


8 


84 


3H 




Example 
30 


A 

> 


10 


8 


Passed 


A 


8 


78 


3H 




Example 
31 


A 


10 


10 


Passed 


A 


8 


78 


3H 




Example 
32 


C 


10 


10 


Passed 


A 


10 


88 


_3H 




Example 
33 


D 


10 

x. v^/ 


8 


Passed 


A 

• 


8 


92 


6H 


• 


34 


B 


10 




Passed 


A 


8 


82 


3H 


- 


Example 
35 


A 


10 


8 


Passed 


A 


8 


86 


3H 




Example 
36 


C 


10 


10 


Passed 


A 


8 


85 


3H 




Example 
37 


A 


10 


8 


Passed 


A 


8 


80 


3H 




Example 
38 


C 


10 


10 


Passed 


A 


8 


92 


5H 




Example 
39 


A 


10 


10 


Passed 


A 


10 


- 87 


43H 




Example 
40 


C 


10 


10 


Passed 


A 


8 


76 


3H 




Example 
41 


A 


10 


10 


Passed 


A 


10 


92 


6H 




Example 
42 


A 


10. 


6 


Passed 


A 


8 


76 


2H 




Example 
43 


A 


10 


10 


Passed 


A 


8 


- *3 


4H 




Example 
44 


B 


10 


10 -. 


Passed 


A 


10 


80 


3H 





*3) It was too opaque to measure. 
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Table 4 (Continued) 



.1 


Photo- 
catalyst 
activity 


Adhesiveness 
test 


Alkali 
resist- 


Sunshine 
weather meter 


Whole 
light 
trans- 
mit - 
tance 
(%) 


Pen- 
cil 

hard 

-ness 


Heiz 
co- 
effi- 
cient 

(%> 


before 

dura- 

bility 

test 


after 
dura- 
bility 
test 


ance 
test 


Sur- 
face 
after 
test 


adhe- 
sion 
after 
test 


Example 
45 


B 


10 


10 


Passed 


A 


10 


82 


6H 


4.6 


Example 
46 


C 


' 10 


10 


Passed 


A 


10 


86 


3H 


4.2 


Example 
47 


D 


10 


10 


Passed 


A 


10 


88 


3H 


2.1 


Example J 
48 


C 


10 


10 


Passed 


A 


10 


78 , r . 


* 3H 


1.6 


Example 
49 


C 

> 


10 


10 


Passed 


A 


10 


76 


3H 


2.5 


Example 
50 


B 


8 


10 


Passed 


A 


8 


72 


5H 


4.8 


Compar- 


D 


2 


0 


Not 
passed 


C 


0 


67 


6B 


- 


Compar- 


B 


4 


2 


Not 
passed 


C 


0 


72 


3B 


* 


Compar- 

icnri 1 1 


A 


4 


2 


Not 
passed 


C 


2 


65 


B 

* 


- 


Compar- 
ison 12 


A 


4 


2 


Not 
passed 


c 


2 


74 


B 


- 


Compar- 
ison 13 


A 


2 


0 


Not 
passed 


c 


0 


72 


6B 




Compar- 
ison 14 


D 


4 


2 


Not 
passed 


c 


0 


89 


3B 




Compar- 
ison' 15 " 


B 


4 


2 


Not 
passed 


c 


2 


71 


B 




Compar- 
ison 16 


B 


4 


2 


Not 
passed 


c 


2 


82 


B 




Compar- 
ison 17 


B 


4 


2 


Not 
passed 


c 


2 


81 


B 





Comparison Example 9 is that a photocatalyst layer was adhered on a substrate without an adhesive layer. The 
photocataiyst layer did not adhere at ail and exfoliated easily. The surface of polyester film was deteriorated after a dura- 
bility test due to photocatalytic action. Holes and cracks were observed by a stereoscopic microscope. 

In Comparison Examples 10 to 13 an amount of polysiloxane or colloidal silica was added too little or too much. In 
each case, the adhesiveness was poor after the tests of aikali resistance or sunshine weather meter. f 

In Examples 26 and 27 an acrylic-silicon resin was used as an adhesive layer and, as a photocataiyst layer, a com- 
posite consisting of 40 - 50% by weight of fine particles of titanium oxide P-25 (Nippon Aerosii Co., Ltd.), 40% by weight 
of silica sol shown in (Z-1) and 1 0 - 20% by weight of zirconium oxide sol was used. The results of the alkali resistance 
test as well as durability and accelerated weathering tests were good. 

In Examples 28 to 32 an acrylic-silicon resin containing polysiloxane was used as an adhesive layer. The same 
starting material powder as that in Example 26 was used for a photocataiyst layer, but a type and quantity of a sol solu- 
tion were changed to form a gel for making a composite. Catalytic activity was good. All properties of alkali resistance, 
durability and accelerated weathering were also good. When a polysiioxane-introduced resin was an acrylic-silicon 
resin containing 3% of silicon (Examples 28 and 29) or an acrylic-silicon resin containing 10% of silicon (Examples 30, 
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31 and 32), the test resufts of alkali resistance, durability and accelerated weathering were good. 

In Examples 34 and 35 a rigid PVC sheet or transparent acrylic plate was used as a substrate. Products were 
obtained with good photocatalytic activity, adhesiveness, alkali resistance and durability. 

Good products were obtained when a polysiioxane-introduced resin was an epoxy-silicon resin (Examples 33 and 
5 36), a polyester-silicon resin (Example 34) or an acrylic resin (Example 42). To compare to these, as shown in Compar- 
ison Example 10, if polysiloxane content was more than 70% by weight even though an acrylic-silicon resin containing 
polysiloxane was used as an adhesive layer, the photo catalyst layer did not adhere and exfoliated. 

In Examples 38 to 43 a resin containing colloidal silica was used as an adhesive layer. The results of catalytic activ- 
ity, alkali resistance, durability and accelerated weathering were good. The results were particularly very good when 
io colloidal silica of very fine particles in diameter (KS-2) was used and a colloidal-silica introduced resin was an acrylic- 
silicon emulsion (Examples 40 and 41). 

To compare to the above, adhesiveness and durability became drastically bad when the content of colloidal silica 
in the adhesive layer was as much as 50% by weight (Comparison Example 11). 

In Examples 34 to 37 a titania sol acidified with nitric add (containing 10% by weight of titanium oxide) was used 
75 as a photocatalyst instead of using fine particles of titanium oxide (P-25, Nippon Aerosil Co., Ltd.). Silica sol (Shokubai 
Kasei Co., Ltd., Trade name: Cataloid SI-30), Alumina sol - 200 (Nissan Chemical Industry Co., Ltd.) and zirconia sol 
(Nippon Soda Co., Ltd.) were mixed together with the said photocatalyst, adjusted the pH to 1 .5 and dispersed. A pre- 
scribed amount of a surface active agent was added to make a coating solution for an adhesive layer. An adhesive layer 
and photocatalyst layer were formed by bar coating. The results of adhesiveness, durability and alkali resistance were 
20 good. Photocatalytic activity was high even though the layer was thin. An addition of silicon alkoxide to a photocatalyst 
layer did not greatly reduce adhesiveness and durability. 

In Examples 38, 39 and 41 a coating solution used for a photocatalyst layer was prepared by sufficiently heating an 
ethanol solution of silicon tetraethoxide or a' si lane coupler to mix with a solution of metal oxide sol, followed by dispers- 
ing a photocatalyst. A photocatalyst layer was coated over a carrier coated with an adhesive layer. Products obtained 
25 were excellent in alkali resistance, durability, pencil hardness and transparency. 

Samples obtained in Examples 26 to 50, which underwent a durability test with black light in an environment of high 
temperature and humidity, alkali resistance test and accelerated weathering test by a sunshine carbon arc weather 
meter, were examined for photocatalytic activity by the same method as that used in the beginning based on an amount 
of photo-decomposed acetaldehyde. Each sample showed exactly the same value as the corresponding amount of 
30 decomposed acetaldehyde at the initial stage. The initial photocatalytic activity was maintained perfectly. 

Antibacterial Evaluation 

Samples of structures carrying a titanium-oxide were prepared by the same method as that used in Example 32. 

35 The samples underwent antibacterial evaluation by the aforementioned method. The results show that a survival rate 
of E coll was 92% an hour later, 91% 2 hours later and 91% 3 hours later when a sample was kept in a dark place with- 
out irradiation. When irradiated with black light, the survival rate was 52% after an hour, 29% after 2 hours and 11% 
after 3 hours. For those irradiated with fluorescent lamps the survival rate was 76% after an hour, 54% after 2 hours and 
22% after 3 hours. The irradiated photocatalyst-carrying structures exhibited to be more antibacterial than those kept 

4p in the dark place. 

Comparison Example 18 

Liquid A was a solution comprising 100 parts of titanium oxide powder (Nippon Aerosil Co., Ltd., Trade name: P- 
45 25), 900 parts of isopropanol and 100 parts of zirconium tetrabutoxide (Nippon Soda Co., Ltd., TBZR). Liquid B was a 
solution consisting of 900 parts of isopropanol, 200 parts of ethanol and 100 parts of water. Liquid A was placed in a 
polyethylene beaker. Three pieces of nonwoven fabric (glass fiber nonwoven fabric SAS-030, Oribest Co., Ltd.) of 10 
cm square were immersed in the beaker and shook by a shaker for 30 minutes in order to penetrate Liquid A into the 
nonwoven fabric pieces. The three pieces were taken out from Liquid A and immersed in Liquid B in an enameled 
50 beaker for 30 minutes. The fabrics were taken out from Liquid B and dried in a vacuum dryer for 8 hours at 60°C and 
further at 150°C at atmospheric pressure for an hour for preparing photocataJyst-carrying structures. 

Cellophane tape was applied, on the structures to test exfoliation. A large quantity of photocatalyst powder was 
attached on the sticky surface of the tape. Further these structures were immersed in an aqueous solution of 5% by 
weight of sodium carbonate for 24 hours, followed by washing with distilled water. The washing water became white tur- 
55 bid, which showed that the photocatalyst came off. 
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Examples 44-50 

A zirconium oxynitrate solution of (Z-6) or (Z-7) was used. The test results are shown in Table 4. The obtained prod- 
ucts had good photocatalytic activity, adhesiveness, alkali resistance and light transmittance. The Haze percentage was 
5 as low as less than 5% so as to be highly transparent. 

As shown in the above examples, structures with excellent properties were obtained by applying a variety of coating 
methods such as bar coating, dipping, gravure printing or spraying for forming a coat when a film or plate of polymer, 
glass or metal was used as a substrate. 

The whole light transmittance through both of the photocatalyst and adhesive layers of a photocatalyst-carrying 
io structure at 550 nm was more than 70%, though depending on thickness of a photocatalyst layer. Products with good 
light transmittance were obtained. Some products were highly transparent with the Haze percentage of less than 5%. 

Industrial Use 

75 The photocatalyst-carrying structures of the present invention have very high photocatalytic activity thanks to the 
strong adhesion of a photocatalyst on a carrier. The carrier is not deteriorated due to photocatalytic activity. The photo- 
catalyst does not come off. The structures can be used for a long period of time even if irradiated with light. The results 
of alkali resistance test are good. The adhesiveness is maintained well after an accelerated weathering test is carried 
out by a sunshine carbon arc weather meter. Thus photocatalyst-carrying structures applicable in an environment of 

20 high temperature and humidity or outdoors can be produced according to the present invention. In addition, a transpar- 
ent layer letting visible rays passing through can be produced so that a catalyst can be coated on a patterned carrier 
without damaging the pattern. The photocatalyst-carrying structures keep excellent photocatalytic activity without dam- 
aging the decoration of a wide variety of carriers such as general-purpose resins and natural fibers. 

25 Claims 

■ 3 

1 . A composite of photocatalyst coating material which contains a photocatalyst and a zirconium compound and/or a 
tin compound for endowing alkali resistance. 

so 2. A composite of photocatalyst coating material according to Claim 1, in which the zirconium compound or tin com- 
pound is one of compounds represented by Formula [I] 

MO x Ly Formu ! a Ul 

35 wherein M is zirconium or tin, x is 0, 1 or 2, L is a substituent selected from the group consisting of hydroxy!, nitrate, 
carbonate, ammonium, chlorine, carboxyl of 1 to 6 carbons, alkoxy of 1 to 6 carbons, glycol of 1 to 6 carbons and 
a group able to substitute the said alkoxyi to form a metal chelate compound, y is 0 or an integer from 1 to 4 and 
2x + y= 4 , or a mixture thereof. 

40 3. A composite of photocatalyst coating material according to Claims 1 and 2, in which the zirconium compound or tin 
compound is a compound selected from the group consisting of zirconium or tin oxide, hydroxide, oxyhydroxide, 
oxynitrate, oxycarbonate, alkoxides of 1 to 4 carbons and hydrolysates of the said alkoxides, or a mixture thereof. 

4, A composite of photocatalyst coating material containing the following components of (1) to (5) according to any of 
45 Claims 1 to 3: 

(1) 0.0001 - 1% by weight of a surface active agent to the whole coating material; 

(2) 0.5 - 10% by weight of a sol of oxide or hydroxide of metal selected from silicon, aluminum, niobium and 
tantalum or a mixture thereof as a photocatalyst binder, as solid matter, to the whole coating material; 

so (3) 0.02 - 3% by weight of a zirconium compound and/or tin compound for endowing alkali resistance, in con- 

version to the weight of metal oxide, to the whole coating material; 

(4) 0.5 - 10% by weight of a photocatalyst, as solid matter, to the whole coating material; and 

(5) water alone or a mixed solvent of water and alcohol within the range of 100/0 - 20/80 of water/alcohol ratio 
by weight 

55 

5. A composite of photocatalyst coating material according to any of Claims 1 to 4, in which 0.02 - 1% by weight of a 
zirconium compound and/or a tin compound is contained in conversion to the weight of metal oxide, to the whole 
coating material. 
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6. A composite of photocatalyst coating material according to Claim 4 or 5. in which the sol of metal oxide or hydroxide 
is a hydrolysate of an alkoxide having at least an alkoxy group of 1 to 5 carbons and selected from silicon, alumi- 
num, niobium and tantalum or two or more of the hydrolysates or products produced from the said hydrolysates and 
a specific surface area is 50 rrrVg or more when dried at 150°C. 

7. A composite of photocatalyst coating material according to any of Claims 4 to 6. in which 0.1 - 5% by weight of a 
silicon alkoxide having an alkoxy group of 1 to 5 carbons and/or poly condensation reaction products of the said sil- 
icon alkoxide is contained, as nonvolatile matter, to the whole photocatalyst coating solution. 

8. A composite of photocatalyst coating material according to any of Claims 4 to 7, in which 0.1- 5% by weight of a 
silicon-modified resin or silane coupler is contained to the whole coating material composite. 

9. A composite of photocatalyst coating material according to any of Claims 1 to 8, in which the photocatalyst contains 
' titanium oxide as a major component. 

10. A composite of photocatalyst coating material according to any of Claims 1 to 9, in which the photocatalyst is a 
water-dispersible sol of titanium oxide of 5 - 40 nm in diameter of crystal particle. 

11. A composite of photocatalyst coating material according to any of Claims 4 to 10, in which the alcohol is methanol, 
ethanol, n-propanol or isopropanol alone or a mixture thereof. 

12. A photocatalyst-carrying structure of which an adhesive layer is placed between a photocatalyst layer and a carrier; 
and the photocatalyst layer contains a photocatalyst and a zirconium compound and/or a tin compound to endow 
alkali resistance. 

13. A photocatalyst-carrying structure according to Claim 12, in which the adhesive layer is a silicon-modified resin 
containing 2 - 60% by weight of silicon, a resin containing 5 - 40% by weight of colloidal silica or a resin containing 
3 - 60% by weight of polysitoxane which is a product of a polycondensation reaction of a compound represented by 
Formula [II] 

SiCln^OH^R^OR^Oi Formula [II] 

wherein R 1 is a C-j - C 8 alkyl which may be substituted by amino, carboxyl or chlorine, R 2 is a C r - C 8 alkyl substi- 
tuted by an alkyl having 1 to 8 carbons or an alkoxy, n 1( and n 3 are 0, 1 or 2, n 4 is an integer from 2 to 4 and 
n 1 +n 2 +n 3 + n 4 =4; and the photocatalyst layer is a photocatalyst complex containing 2 - 30% by weight of a 
zirconium compound and/or tin compound, in conversion to the weight of metal oxide, to the whole photocatalyst 
layer, 15 - 85% by weight of a gel of metal oxide or hydroxide as solid matter to the whole photocatalyst layer and 
5 - 75% by weight of a photocatalyst to the whole photocatalyst layer. 

14. A photocatalyst-carrying structure according to Claims 12 and 13, in which the structure passes an alkali resist- 
ance test defined in J IS K5400 after the surface of the photocatalyst-carrying structure is contacted with an aque- 
ous solution of 5% by weight of sodium carbonate at 20?C for 24 hours. 

1 5. A photocatalyst-carrying structure according to any of Claims 1 2 to 1 4, in which the zirconium compound and/or tin 
compound contained in the photocatalyst layer is a compound represented by Formula [I] 

MO x Ly Formula [I] 

wherein M is zirconium or tin, x is 0, 1 or 2, L is a substituent selected from the group consisting of hydroxyl, nitrate, 
carbonate, ammonium, chlorine, carboxyl of 1 to 6 carbons, alkoxy of 1 to 6 carbons, glycol of 1 to 6 carbons and 
a group able to substitute the said alkoxy group to form a metal chelate compound, y is 0 or an integer from 1 to 4, 
and 2x + y = 4 , or a mixture thereof. 

1 6. A photocatalyst-carrying structure according to any of Claims 1 2 to 1 5, in which the content of the zirconium and/or 
tin compound contained in the photocatalyst layer is 2 - 10% by weight in conversion to the weight of metal oxide, 
to the whole photocatalyst layer. 

1 7. A photocatalyst-carrying structure according to any of Claims 1 2 to 1 6, in which the gel of the metal oxide or hydrox- 
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ide contained in the photocatalyst layer is a metal oxide selected from the group of silicon, aluminum, niobium and 
.tantalum or a hydroxide of one of the said metals or a mixture thereof; and has a specific surface area of SOrr^/g or 
more. 

5 18. A photocatalyst-carrying structure according to any of Claims 12 to 1 7, in which the photocatalyst layer is formed 
using a photocatalyst-Iayer coating solution containing 0.1 - 5% by weight of silicon alkoxide with an alkoxy of 1 to 
5 carbons and/or a polycondensatiori reaction product of the said silicon alkoxide, as nonvolatile matter, to the 
whole photocatalyst coating solution. 

10 19. A photocatalyst-carrying structure according to any of Claims 12 to 18, in which the silicon-modified resin in the 
adhesive layer is an acrylic-silicon resin, epoxy-silicon resin, polyester-silicon resin or a mixed resin thereof. 

20. A photocatalyst-carrying structure according to any of Claims 12 to 19, in which the polysiloxane contained in the 
polysiloxane-containing resin of the adhesive layer is a hydrolysate of silicon alkoxide having an alkoxy group of 1 

15 to 5 carbons or a product produced from the said hydrolysate. 

21 . A photocatalyst-carrying structure according to any of Claims 12 to 1 9, in which the colloidal silica contained in the 
colloidal silica-containing resin of the adhesive layer is smaller than 10 nm in particle diameter. 

20 22. A photocatalyst-carrying structure according to any of Claims 12 to 20, in which the adhesive layer is a silicon-mod- 
ified resin containing polysiloxane. 

23. A photocatalyst-carrying structure according to Claims 12 to 19 or 21, in which the adhesive layer is a silicon-mod- 
ified resin containing colloidal silica. 

25 .... - - 

24. A photocatalyst-carrying structure according to any of Claims 12 to 23, in which the adhesive layer is 0.1 jim - 20 

jim thick. 

25. A photocatalyst-carrying structure according to any of Claims 12 to 24, in which the photocatalyst layer is 0.1 - 
30 20 pun thick. 

26. A photocatalyst-carrying structure according to any of Claims 12 to 25, in which the whole light transmittance 
through both of the adhesive and photocatalyst layers at the wavelength of 550 nm is more than 70%. 

35 27. A photocatalyst-carrying structure according to any of Claims 12 to 26, in which adhesiveness gains 6 points or 
more by a cross-cut Scotch tape test defined in J IS K5400 after irradiating with black light of 3mW/cm 2 of ultraviolet 
intensity at 40°C and 90% R. H. for 500 hours. 

28. A photocatalyst-carrying structure according to any of Claims 12 to 27, in which the carrier is in the shape of parti- 
40 cle, film, plate, tube, fiber or net. 

29. A photocatalyst-carrying structure according to any of Claims 12 to 28, in which a carrier material is organic poly- 
mer or metal. 

45 
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